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EDUCATION
Quantification of Aquatic Interventions  
in Children With Disabilities:  
A Systematic Literature Review
Baiba Ka¯rklin¸a, Marlies Declerck, and Daniel J. Daly
The objective of the current study was to quantify and summarize the various 
aquatic interventions in children with disabilities, including studies of all levels 
of evidence. Forty-five intervention studies were included and were described 
within nine disability groups. The largest number of articles was found in the 
groups of “diseases and disabilities of the nervous system” (N = 15) and “mental 
and behavioral disorders” (N = 15). Swimming or aquatic interventions in chil-
dren with sensory system and integration deficits, circulatory system problems, 
congenital malformations, and chromosomal abnormalities did not reveal any 
published literature. The categorization of aquatic interventions was difficult due 
to several concerns: the lack of common definitions, the absence of intervention 
details, individualized therapy or training plans without a decision-making model, 
different types of pools (temperature and depth), and an undefined mix of several 
intervention types. Training intensity was missing in 68% of the interventions.
Keywords: aquatics, swimming, adapted aquatics, disabilities, intervention, 
children
Physical principles of water such as density, hydrostatic pressure, buoyancy, 
viscosity, and thermodynamics are used in medical and recreational applications 
for different populations (Becker, 2009), including children (Dumas & Francesconi, 
2001; Geytenbeek, 2008). Water is a special medium and sometimes the only 
environment where even the most severely affected individuals are able to move 
and practice active movement that cannot be done on land. Moreover, games and 
exercises in water and swimming are enjoyable and fun for most.
These medical and recreational applications have been given various labels such 
as swimming, aquatic exercise, and other different concepts (e.g., Halliwick; Becker 
& Cole, 2011; Brody & Geigle, 2009), and they are usually used as a component or 
supplement to other activities (Epps et al., 2005; Johnson, 2009; McManus & Kotel-
chuck, 2007; Skoffer & Foldspang, 2008). Although, from 2000–2011, a number 
The contribution of the first two authors should be considered as equivalent.
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of literature reviews were conducted in aquatics for children with most focused 
on specific disability groups, for example, children with neuromotor impairments 
or cerebral palsy (Blohm, 2011; Getz, Hutzler, & Vermeer, 2006a). One review 
including various disability groups dates from 2001 (Dumas & Francesconi); it 
summarized available literature on aquatic therapy for children and adolescents 
with neuromuscular and musculoskeletal diagnoses using a narrative report of 16 
articles. Later the Aquatic Physiotherapy Evidence-Based Guide (Geytenbeek, 
2008) concentrated mostly on adults and therapeutic interventions. One chapter was 
related to pediatrics, including several diagnoses, but some groups were missing: 
cardiopulmonary, endocrine, metabolic, and sensory system integration disorders. 
None of these reviews focused on the intervention details or provided a schematic 
overview of the interventions used.
To collect information on best clinical practice, a review of existing research 
of all levels of evidence is necessary. The present review will focus specifically 
on the intervention programs and will attempt to create a schematic overview. The 
goal is to inform aquatic therapy specialists and other professionals on the potential 
aquatic interventions within each population and their practicality. For researchers, 
it will provide an overview of existing literature and missing knowledge.
The research question is what evidence is available on aquatic and swimming 
interventions for children with disabilities, with the purpose of this study to quan-
tify and summarize the various aquatic interventions in children with disabilities, 
including research of all levels of evidence.
Method
Literature Search
The electronic search included following databases: Cochrane, ERIC, PEDro, 
Pubmed, ScienceDirect, Web of Science, and HighWire. Several search terms were 
used; these terms included the following: hydrotherapy, aquatic therapy, water 
exercise, aquatics, adapted aquatics, aquatic exercise, swimming, Halliwick, Watsu, 
Ai chi, and Bad Ragaz Ring Method. Inclusion criteria included the following:
• Studies including children and adolescents (ages 0–21) with a disability
• Aquatic or swimming intervention
• Publication dates between January 2000–July 2012
• All types of study designs were incorporated.
Exclusion criteria included the following:
• Swimming or aquatics as an intervention for healthy populations
• Children with a temporary respiratory illness
• Policy statements without an actual intervention
Two reviewers searched the literature independently and assessed whether the 
research articles met the inclusion criteria. Any discrepancies were resolved through 
consultation with a third reviewer. The search was limited to English  language 
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papers. In addition, a reference list search of relevant articles was applied. The 
steps of the literature search are given in Figure 1.
Data Evaluation
For the current review, the population was divided into various disability groups: 
(1) diseases and disabilities of the nervous system (“Neuro”)
(2) diseases of the respiratory system (“Resp”)
(3) diseases of the circulatory system (“Circulatory”)
(4) diseases and disabilities of the musculoskeletal system and connective tissue 
(“Musculo”)
(5) mental and behavioral disorders (“Mental”)
(6) endocrine, nutritional, and metabolic diseases (“Metabolic”)
(7) sensory system and integration deficits (“Sensory”) 
(8) congenital malformations, deformations, and chromosomal abnormalities 
(“Congenital”)
(9) mixed disabilities group (“Mixed”) 
Figure 1 — Flowchart of the literature search and selection process.
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This division was done according to the International Statistical Classification of 
Diseases and Health Related Problems 10th revision (World Health Organization, 
2010). The Mixed group incorporated studies that included several populations in 
one study.
The study designs were identified according to the algorithm from The National 
Institute for Health and Clinical Excellence recommended by Scottish Intercol-
legiate Guidelines Network (2008). Each article was allocated a level of evidence 
(Siebes, Wijnroks, & Vermeer, 2002). Randomized controlled trials (RCTs) and 
non-RCTs were marked as level I and II accordingly; case studies with control 
participants were marked as level III; and before-after studies, case series, and case 
reports were marked as level IV and V.
We summarized the intervention details within each disability group. Attempts 
were made to display a schematic overview of the existing research in the topic.
Results
In total, 45 out of the 522 research papers identified after search met the inclusion 
criteria. Search terms that contained “Ai-chi,” “Bad Ragaz Ring Method,” and 
“Watsu” did not reveal any results.
Table 1 shows the number of studies identified in each of nine disability groups 
and the study designs. For the Circulatory, Sensory, and Congenital groups, no 
research papers were found. However, some disorders from these groups (e.g., 
legally blind, chromosomal anomaly, oto-palatal-digital syndrome, Prader-Willi 
syndrome, Down syndrome) were present in other studies, included in the Mixed 
group (Fragala-Pinkham, Dumas, Barlow, & Pasternak, 2009; Fragala-Pinkham, 
Haley, & O’Neil, 2008; Fragala-Pinkham, O’Neil, & Haley, 2010; McManus & 
Kotelchuck, 2007). The Mental and Neuro groups showed the largest number of 
intervention studies, although most had lower levels of evidence (Table 1). Eleven 
RCTs were available for all groups together.
Categorization of the interventions (Table 2) included 11 categories of which 
six were reported as the main intervention; these six were the following:




• Exercises in Water
• Walking in Water
• Games/Play Activities in Water
Complementary categories (in the water) were adding Songs or Music; Breath-
ing Exercises; Stretching; and Relaxation.
The Halliwick Concept was used in both the Neuro (N = 5) and the Mental 
(N = 4) group. Swimming was the main intervention in 18 of the 27 studies using 
this intervention, over all groups. Exercises in the water were reported in 28 stud-
ies (main intervention in 18), spread over all groups, except the Metabolic group. 
5
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Often Swimming and exercises in the water were combined (N = 20). Games/play 
were mainly used as a component of the program and were the main intervention 
in four studies in the Mental group. Songs or music were added to the interven-
tion in three publications of the Neuro group. Eleven studies explicitly stated that 
breathing exercises were added to the program and this in the Neuro, Resp, and 
Mental groups. Stretching and relaxation were added in 13 studies of the Neuro, 
Musculo, and Mixed groups, and two studies of the Neuro group, respectively. 
Eleven studies (over all groups) added a land-based component to the aquatic 
intervention. As can be seen from Table 2, most of the studies included three or 
more intervention categories. The proportional contribution of each component was 
however, not always stated. Although most of the aquatic programs were developed 
on an individual basis (see Tables 3a to 8), almost none of the programs presented 
a decision-making model defining the program. 
Details for Each Group
Table 2 summarizes all types of interventions used within each research paper. 
Main contents of the intervention programs are highlighted and described below. 
Tables 3 to 8 display the intervention details for each group. Unfortunately, 6 of 
the 45 intervention studies did not report any details of the intervention program.
 1. Diseases and Disabilities of the Nervous System (N = 15). Six articles had 
evidence levels I and II, but more than half of the articles were levels IV and 
V. The number of participants ranged from 1–27, with ages ranging from 1–21 
years. Youth with cerebral palsy were included in 13 articles.
  Intervention programs (Table 3a, 3b, 3c): The three RCTs focused on 
swimming as the intervention (Chrysagis, Douka, Nikopoulos, Apostolopoulou, 
& Koutsouki, 2009; Dimitrijević et al., 2012; Őzer et al., 2007). In five studies 
exercises in water was the main content of the program (Ballaz, Plamondon, 
& Lemay, 2011; Kelly, Darrah, Sobsey, & Legg, 2009; Retarekar, Fragala-
Pinkham, & Townsend, 2009; Salem & Gropack, 2010; Thorpe, Reilly, & Case, 
2005). The Halliwick Concept was used in five publications (Aleksandrovic et 
al., 2010; Getz, Hutzler, Vermeer, & Yarom, 2006b; Getz, Hutzler, & Vermeer, 
2007; Jorgić et al., 2012). Duration of the programs ranged from 6–16 weeks, 
2–3 times a week, and 30–60 min per session. The total duration of the 
intervention program was an average of 1,166 min with a range of 540–2,160 
min. Swimming pool description, according to type, was reported in 10 articles.
 2. Diseases of the Respiratory System (N = 5). Four of these intervention studies 
were RCTs (Tables 1 and 4). A total of 160 participants were used (N = 8–61) 
with ages ranging from 7–22 years. All studied youth with asthma.
  Intervention programs (Table 4): Two main aquatic intervention types were 
observed: a swimming program (Wang & Hung, 2009; M. Weisgerber et al., 
2008; M.C. Weisgerber, Guill, Weisgerber, &Butler, 2003; Wicher et al., 2010) 
and an aquatic exercise training program (Hildenbrand, Nordio, Freson, & 
Becker, 2010) with a duration ranging from 5–12 weeks, 2–3 times a week, 
and 30–60 min per session. Total duration of the intervention program was 
average 1,161 min and ranged from 495 to 1,620 min. All of the interventions 
included breathing exercises. Swimming pool description was reported in two 
6
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studies (Hildenbrand et al., 2010; Wang & Hung, 2009).
 3. Diseases of the Circulatory System (N = 0). No publications were found for 
this group.
 4. Diseases and Disabilities of the Musculoskeletal System and Connective 
Tissue (N = 3). As can be seen from Tables 1 and 5, two of the intervention 
studies were RCTs. The total number of participants was 136 (N = 10–72 per 
study), ages 4–19 years. All studied youth with juvenile idiopathic arthritis 
(JIA).
  Intervention programs (Table 5). Aquatic intervention types were group aquatic 
training (swimming and exercises in the water; Takken, Van Der Net, & Helders, 
2001; Takken, van der Net, Kuis, & Helders, 2003) and a combined aquatic 
and land-based training (Epps et al., 2005) with a duration of 10–20 weeks, 
1–2 times a week, and 30–60 min per session. Average total duration was 937 
min with a range of 712–1,200 min. In two studies, the swimming pools were 
located in multiple centers, but detailed information was lacking.
 5. Mental and Behavioral Disorders (N = 15). Six articles had evidence levels I 
and II, but more than half had only levels IV and V. There were 174 participants 
(N = 1–42), ages 3–17 years. Nine intervention studies included children with 
an autism spectrum disorder (ASD).
  Intervention programs (Table 6a, 6b). Five studies used the Halliwick Concept 
(Bumin, Uyanik, Yilmaz, Kayihan, & Topcu, 2003; Chu & Pan, 2012; Hillier, 
McIntyre, & Plummer, 2010; Yilmaz, Konukman, Birkan, Ozen, et al., 
2010; Yilmaz, Yanardağ, Birkan, & Bumin, 2004) and three studies reported 
swimming as the main intervention (Casey, Rasmussen, Mackenzie, & Glenn, 
2010; Oh, Licari, Lay, & Blanksby, 2011; Rogers, Hemmeter, & Wolery, 2010). 
Three studies implemented a combined program of exercises in water and 
swimming (Fragala-Pinkham, Haley, & O’Neil, 2011; Pan, 2010; Yilmaz et al., 
2009), and in four studies exercises in water and games were the main content 
(Ennis, 2011; Pan, 2011; Yilmaz, Birkan, Konukman, & Erkan, 2005; Yilmaz, 
Konukman, Birkan, & Yanardag, 2010). In addition, in five of these studies the 
actual focus was on the teaching method (teaching aquatic play skills and basic 
swimming skills) rather than the content (Oh et al., 2011; Rogers et al., 2010; 
Yilmaz et al., 2005; Yilmaz, Konukman, Birkan, Ozen, et al., 2010; Yilmaz, 
Konukman, Birkan, & Yanardag, 2010). Program duration ranged from 6–16 
weeks, 1–3 times a week, and 30–90 min per session. Average total duration 
of the intervention program was 1,193 min and ranged from 210 to 2,880 
min. Swimming pool description was provided in 11 articles. Two of these 
studies only provided a short description—“busy pool environment” (Hillier 
et al., 2010) and “cool water pool” (Fragala-Pinkham et al., 2011)—without 
specifications.
 6. Endocrine, Nutritional, and Metabolic Diseases (N = 3). The highest level 
of evidence was found in a nonRCT. The total number of participants for this 
group was 211 (15–149 per group), ages 7–19 years. The pathologies present 
in these studies were obesity and type 1 diabetes.
  Intervention programs (Table 7). The aquatic intervention types used were 
swimming training sessions, water games, and activities. However, in two 
17
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studies these categories were complemented by folk dance and soccer (Ildiko 
et al., 2007) and other indoor and outdoor activities (Klijn, Van der Baan-
Slootweg, & Van Stel, 2007). Program duration was 12–35 weeks, 1–2 times 
a week, and 45–60 min per session. Average total duration was 1,292 min and 
ranged from 516–2,100 min. Swimming pool description was not reported in 
two articles.
 7. Sensory System/Integration Deficits (N = 0). No intervention studies were 
found in this group. However, some articles from the Mixed group include 
participants with sensory system and integration deficits (McManus & 
Kotelchuck, 2007) and children with visual impairments (Fragala-Pinkham 
et al., 2008).
 8. Congenital Malformations, Deformations, and Chromosomal Abnormalities 
(N = 0). No articles were found in the literature search. However, some disorders 
(e.g., chromosomal anomaly, oto-palatal-digital syndrome, Prader-Willi 
syndrome, Down syndrome) were included in other studies of the Mixed group 
(Fragala-Pinkham et al., 2009; Fragala-Pinkham et al., 2008; Fragala-Pinkham 
et al., 2010; McManus & Kotelchuck, 2007).
 9. Mixed Disabilities group (N = 4). One article was a nonRCT and others had 
evidence levels IV and V. In total there were 73 participants (4–37 per group), 
ages 6 months–19 years. The included pathologies are shown in Table 8.
  Intervention programs (Table 8). Main intervention types were aerobic aquatic 
exercise programs (Fragala-Pinkham et al., 2008; Fragala-Pinkham et al., 2010) 
and combined aquatic and land-based therapy programs (Fragala-Pinkham et 
al., 2009; McManus & Kotelchuck, 2007). Program duration was 6–36 weeks, 
1–5 times a week, and 30–60 min per session. Average total duration of the 
intervention program was 1,230 min with a range of 1,080–1,462 min. Pool 
description was provided in all articles.
Discussion
The purpose of this study was to examine the levels of evidence existing on aquatic 
and swimming interventions for children with disabilities and to quantify and sum-
marize the various aquatic interventions applied. An attempt was made to create a 
schematic overview on the existing research of aquatic and swimming interventions 
in children with disabilities.
The largest number of intervention studies was available from two groups, 
Neuro (N = 15) and Mental (N = 15). Interestingly, in both groups there were large 
proportions of before-after studies and single-subject research designs. Research 
designs of high evidence levels were found in the Resp group (N = 5 in total; N = 
4 RCTs), as well as in the Musculo group (N = 3 in total; N = 2 RCTs). There is a 
higher homogeneity within these populations so that larger sample sizes and thus 
stronger study designs can be used.
Our results show that aquatic interventions are rarely investigated in children 
with sensory system and integration deficits, circulatory system problems, and 
congenital malformations and chromosomal abnormalities. This might be due to 
26
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lower prevalence rates and the manifestations and ability levels even within the 
same diagnosis might differ widely.
In the groups with the largest amount of intervention studies, only six (four in 
the Neuro and two in the Mental group) included more than 20 participants (Aidar 
et al., 2007; Chu & Pan, 2012; Dimitrijević et al., 2012; Getz et al., 2007; Őzer 
et al., 2007; Pan, 2011). The small sample sizes can be partly explained by the 
heterogeneity of these populations as it includes a wide range of different ability 
levels and activity limitations. On the contrary, larger sample sizes were observed 
elsewhere, for example, 149 and 72 participants for the populations children with 
obesity (Ildiko et al., 2007) and JIA (Epps et al., 2005), respectively. In addition, 
the prevalence of obesity among children has increased in the last years.
Intervention Programs
We intended to quantify the various aquatic and swimming interventions in several 
categories. This was challenging as no common guidelines and definitions for the 
different interventions are available. In addition, as Table 2 shows, various inter-
vention types were used within one program. Furthermore the proportion of each 
component was not always stated. Unfortunately, 6 of the 45 intervention studies 
did not report any details of the intervention program. In most cases aquatic activ-
ity programs were individualized according to each participant’s unique therapy 
goals, incorporating several techniques and components, as can be seen in Tables 
3–8. This might be a reason why interventions were not well described, as the 
individualized programs may be difficult to explain to the reader, and the space 
provided by the journal editors may be too limited.
In the Mental group in five studies, the actual focus was on the teaching method 
(teaching aquatic play skills and basic swimming skills) rather than the content. 
Three of these studies tried to examine the effectiveness of the “constant time 
delay” procedures on simple aquatic skills of children with ASD and Pervasive 
developmental disorder not otherwise specified (Rogers et al., 2010; Yilmaz et al., 
2005; Yilmaz, Konukman, Birkan, Ozen, et al., 2010).
Important to note is that most of the studies (68%) did not report the training 
intensity of the intervention. Results showed that only 2 of the 15 studies in the 
Mental and 3 of the 15 studies in the Neuro group reported the training intensity 
(four studies measured heart rate [HR]; one used OMNI rating of perceived exertion 
[RPE]). For the children with JIA, the intensity was reported in two out of three 
articles (HR) and for the children with asthma in three out of five articles (RPE; 
HR; metabolic equivalent of task or the rate of energy consumption). In addition 
to the low reporting rate, it must be noted that the planned intensity is not always 
achievable. Fragala-Pinkham et al. (2011) reported that their intensity was aimed 
at 50–70% of max HR, but in reality this was lower. A reason for not reporting the 
training intensity might be the lack of practical and reliable tools to measure the 
intensity in a water specific environment in this population. RPE is a subjective 
measurement; HR during submersion differs from that on land (Becker, 2009) and 
HR monitors might not always work under water, especially because children are 
usually more active and may not keep it in place; and METs are of indicative values 
only as 1 MET was originally developed as an adult value (Nilsson, 2008). In addi-
tion, a measure of an individual’s resting oxygen uptake is necessary to calculate 
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METs more precisely; and even though the oxygen uptake is expressed relative to 
body weight, the baseline value of 3.5 ml O2/kg/min is only an approximate aver-
age value for sitting at rest (Jetté, Sidney, & Blümchen, 1990). Without training 
intensity reported, it is difficult for practitioners and researchers to replicate the 
interventions. Besides intensity, program duration and frequency have a consid-
erable impact and were reported in all articles with few exceptions. Overall, the 
duration of interventions examined in this paper ranged from 5–36 weeks (not less 
than 10 weeks in patients with JIA, obesity and Type 1 diabetes), 1–3 times a week 
(with the exception of one adolescent with Prader-Willi syndrome in the Mixed 
group, participating 5 times a week). Usual duration per session was 30–60 min, 
except for the Metabolic group, where exercises lasted a minimum of 45 min and 
for the Mental group, one study (Pan, 2010) exercised up to 90 min/session. The 
total duration of the programs ranged from an average of 937 min in the Musculo 
group to an average of 1,292 min in the Metabolic group.
Water temperature was reported in only 16 studies (36%), despite its relevance 
for rehabilitative issues (e.g., arthritis exercise). In children with JIA, two out of 
three articles reported temperatures ranging from 30°–33°C; although, for typical 
aquatic therapy, water temperature is recommended to be neutral (33.3°–35.5°C; 
Becker, 2009). These two studies included high intensity swimming which could 
have compensated for the lower water temperatures. In the Neuro group (N = 15), 
the temperature of water was reported in seven articles (27.7°–34°C), which is 
considered to be cool to neutral (Becker, 2009). As water conducts cold much more 
than air, cooler water may not be suitable for people with more severe disabilities, 
because they are usually less active. On the other hand, children generally tolerate 
cooler water temperatures after an initial warm up (Petersen, 2011). Considering 
the water temperature, aquatic professionals should consider the type of disability, 
intensity, and duration of the exercise. However, in reality, pool availability is an 
issue, as not all communities have swimming pools with different temperatures 
and adjustable depth (so called purpose-built pools).
To conclude, the categorization of the aquatic interventions was difficult due 
to several problems: The lack of common definitions, the absence of intervention 
program details, an undefined mix of several intervention categories, individual-
ized therapy or training plans without a decision-making model, the absence of 
training intensity, and different types of pools (temperature and depth). This makes 
it difficult for researchers and practitioners to apply the interventions to achieve 
the same goals.
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